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(54) High pressure plasma oxide etch process 

(57) The invention is embodied in a method ol 
processing a semiconductor worKpiece in a plasma re- 
actor chamber including supplying a polymer and etch- 
anl precursor gas containing at least carbon and fluorine 
into the chamber at a first flow rate sufficient of itself to 
maintain a gas pressure in the chamber in a low pres- 
sure range below about 20mT, supplying a relatively 
non -reactive gas into the chamber al second flow rate 
sufficient about one half or mora of the total gas flow 
rate into the chamber, in combination with Ihe first flow 
rate of the precursor gas, to maintain the gas pressure 
in the chamber in a high pressure range above 20mT, 
and applying plasma source power into the chamber lo 



form a high ion density plasma having an ion density in 
excess of 10 10 ions per cubic centimeter. In one appli- 
cation of the invention, the workpiece includes an oxy- 
gen -containing overlayar to be etched by the process 
and a non -oxygen-containing under layer to be protect* 
ed from etching, the precursor gas dissociating in the 
plasma into fluorine-conta'ming etchant species which 
etch the oxygen-containing layer and carbon-containing 
polymer species Which accumulate on the non-oxygen- 
containing underlaycr. Alternatively, tha high pressure 
range may be defined as a pressure at which the skin 
depth of the inductive field exceeds 1/10 of the gap be- 
tween the inductive antenna and the workpiece. 
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Description 



The invention is related to a high pressure nigh non-reactive diluent gas content high plasma ion density plasma 
oxide etch process. 

5 I n a plasma processing chamber and especially in a high density plasma processing chamber. RF (radio frequency) 

power is used to generate and maintain a plasma within the processing chamber. As disclosed in detail in the above- 
referenced applications it is olten necessary to control temperatures ol surfaces within the process chamber, inde- 
pendent of time varying heat loads imposed by processing conditions or of other lipw varying boundary conditio™. 
This is particularly true in the case of a reactor chamber having a window electrode which acts as both a capaciuvely 
•o coupled electrode and a window for admitting therethrough RF power inductively coupled from an inductive antenia. 
I n some cases where the window/electrode is a semiconducting material. It may be necessary !o control the temperature 
ol the wmdow/elect'ode within a particular temperature range to obtain the proper electrical properties of the window. 
The application ol RF power to generate and maintain the plasma leads to healing of surfaces within the chamber, 
including windows (such as used lor inductive or electromagnetic coupling of HP Of microwave power) or electrodes 
is (such as used lor capacitive or electrostatic coupling of RF power, or for terminating or prov.ding a ground or return 
paih lor such capacitive or electrostatic coupling of RF power) or lor combination wmdow/slectrodss. 

in the above-referenced parent application it is disclosed how to overcome the foregoing problems by among 
other things employing multiple solenoid windings at respective radial locations over the reactor chamber ceiling, while 
enduring the conventional limitations with regard to chamber pressure. As discussed above, the chamber pressure in 
so a high ion density (e.g., 1 0" ions/ec) plasma reactor (e.g. . an inductively coupled RF pfesma reaclor) typcally is limited 
by plasma electron recombination losses thai increase with chamber pressure. Such losses prevent electron diffusion 
that would otherwise enhance plasma ion distribution uniformity. The same is generally true of microwave electron 
cyclotron resonance plasma reactors. In ihe case of inductively coupledRF plasma reactors, a typical chamber pressure 
range is between about ImT and lOrnT, while 20 mT is considered above the typical range. Given the definition stated 
is above for -high pressure", in which the inductive field skin depth is greater, than 1/10 ol the gap between the top 
electrode and the wafer, lOOmTis definitely 'high pressure'. The uniformity of etch rate and etch selectivity <• reduced 
as skin depth (or chamber pressure) increases because non-uniformities in the overhead antenna pattern are more 
strongly mapped to the wafer surface as skin depth increases. For example, it has been demonstrated that reducing 
chamber pressure from 75 mT to 20mT greatly enhances etch selectivity uniformity across the wafer. Thus.^onventional 
30 wisdom has been to limit chamber pressure in a high density plasma reactor. 

Such problems are particularly acute in plasma etching*! silicon dioxide layers over undertymg non^xygen^on- 
taining layers (such as polysilicon. silicon, silicon nitride, and so forth). Th* is because the siliconoxygen bond IS much 
stronger than the bonds in the underlying layer, necessitating the passivation of the underlying layer by a polymer 
deposited trom polymer precursor species in the plasma Without such pass^allon. the etch selectivity of the silicon 
K dioxide to the underlying non-oxygen containing fcyer Is inadequate. As is well known, the preferred process gases 
include nuorocamon or fluofo-hydrccarbon gases because such gases are precursors for both the elchant species 
(fluorine) and the polymerizing species. Selectivity * enhanced by .ncreasing the chamber pressure (by greasing 
the chamber vacuum pump rale or throttling back' the pump), because such a pressure increase increases he net 
residence time of the polymer precursor species so that more polymer precursor species ere formed in tepkm 
40 (As understood in this specification, the term Vesktence lim* refers to a particular 9as spcaee and is the pressure , of 
mat gas multiplied by the volume encompassed between the wafer or workpiece and the pfesma source powe appn- 
catoHtypically an overhead inductive antenna) divided b y :the flow rate at which the gas is supplied into the reactor 
chamber.) Under such conditions, a stronger polymer tends to lorm on the underly.ng pasavated layers, thereby en- 

* ^JSZSSSZ* the stronger poiymer formation on the silicon dioxide surfaces to to^*^*™ 
in the plasma must be increased well above the usual level (the silicon-oxygen bond energy to overcome polymer 
deposL on the silicon dioxide surfaces. As a resutt, the process window is decreased o *• ^« 
energy is required to prevent etch stopping. Toavoid such difficulties, it has been desirable to l^itthechamber pressure 
(by increasing the chamber vacuum pump rate), which limits the selectivity which is enhanced by bcreas.ng the pres- 

so sure. Thus, a certain tradeoff exists between etch selectivity and avoidance ol etch stopping 

The problem with having to so limit the chamber pressure is that the polymer formation iv »"»"*"*^ * 
As stated above, the higher chamber pressure produces stronger polymer and. conversely, lowe *^Wf»«£ 
produces weaker polymer passivation layers. The result^ limitation on polymer strength , B man.fested in pho olo- 
graphic layers on thewafer. for example, in a phenomenon sometimes referred to as photoresist ™* ^^J" 

ss which the polymer passivation layer exhibits a certain weakness around the edges ol a con act opening « 
toresist maVk layer permitting the plasma to attack the photoresist at those edges or facets'. Typically 
dioxide-to-photoreslst selectivity at the facets is about 3:1. The result Is that the top of the contact open ng wrtene 
during Ihe etch process, so that the diameter of the opening cannot be controlled. Such a problem ,s reduced by 
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increasing ihc chamber pressure to strengthen the polymer passivation layer over ihe photoresist but such *n increase 
m pressure requires a corresponding increase in plasma ion' energy lo avoid ach stopping near the w*i e r center 
thereby narrowing the process window. Thus there has seemed lo be no real solution lo such problems 

El is iherefore an object of the present invention lo strengthen the polymer passivation layer particularly near pho- 
toresist facets without risking ©ten stopping or requiring an increase m plasma ion energy to preveni such etch stopping 
or incurring other disadvantages typically associated with an increase rn chamber pressure 

it is a discovery of ih* p;esent invention thai increasing the chamber pressure- of a high ion density flF plasma 
re^c:or ^y introducing a non-reactive gas (such as an inert gas) ra'.her than by throttling back the chamber vacuum 
pump increases the polymer passivation layer strength particularly near photoresist facets without a concomitant 
increase in nsk of etch slopping Thus, the present invert ion is embodied in a process m which the elchant andpotymar 
precursor g^e such as a fluoroesi bon or ftuoro-hydrocarbon gas is diluted with an inert gas such as argon ic mcrcast 
chamber pressure without a correspondrny significant change in the chamber vacuum pump rate. Preferably the eich- 
anlpolymer precursor gas is fed into ihe chamber at a gas How rate which, by itself would maintain the chamber 
pressure beiow the high pressure regime and the non -reactive gas is added at a flow rate which, in combination wilh 
the /low ratg of the precursor gas. is sufficient lo raise the chamber pressure into the high pressure regime By thus 
rof/ainmg from significant throwing back the chamber vacuum pump the polymer precursor residence time m the 
chamber is nol significantly increased The present invention, increases the chamber pressure to increase polymer 
strength and thereby reduce photoresist facet mg without increasing the residence lime oi the polymer precursor gas 
m the chamber to avoid etch -stopping polymer build-up on the silicon dioxide surfaces The result is a net increase in 
m ihe process window, a significant advantage 

In one embodfmentol the present invention, the gases supplied to the chamber are as follows: 90 standard cubic 
centimeters per minute (SCCM) of CHF 3 as an etchant/polymer precursor lavoring etching. 10 SCCM of C 4 F a as an 
etchant/polymer precursor lavoring polymerization, 16 SCCM of CO a as an etch slop inhibitor, and 450 SCCM or argon 
as the non- reactive species added to increase the chamber pressure without decreasing the chamber pump rate. (As 
£5 employed in this specification, the term "etch stop inhibitor" refers to a class of gases including CO, COg and Oa which 
lend to promote oxidation Of polymer materials and whose use: ameliorates excessive polymer deposition and thereby 
reduces or avoids etch stopping ) In general, the flow rate at which the non-reactive (diluent) species gases arc supplied 
into the chamber is some Traction of the total flow rale of all gases supplied to the chamber, depending upon various 
processing parameters 

20 Preferably, the process is carried out in the plasma reactor disclosed in the above-relerenccd parent application 

because the multiple solenoid coil antenna feature provides the greatest uniformity of plasma ion distribution. However, 
the same process of generating an mdociiveiy coupled high density RF plasma in a carbon^ uorine chemistry at high 
pressure with a largo proportion of non -reactive diluent gas can be earned Out in other reactors, such as one with a 
planar coil anlenna over a dielectric ceiling, or one with a single solenoid antenna around a dielectric cylinder or a 

3£ conformal coil over a dome-shaped ceiling. 

The process of the invention maybe adjusted by changing the non-reactive diluent gas lo a higher or lower atomic 
weight gas. For example, helium or neon requires more plasma electron energy to ionize than does xenon, so that 
wilh xenon a plasma with lower mean electron temperature and higher electron density results, yielding more etch 
precursor species and providrng a higher etch rate As a result, wilh xenon Ihe etch rate is very high and there is 

•to comparatively lower oxide-to-photoresist etch selectivity. Conversely, wilh helium or neon the cich rale is lower while 
Ihe etch selectivity is superior An ideal balance i$ achieved win a medium atomic weight men gas suen as argon 
which provides both a good etch rate and a good etch selectivity. 

The process of the invention is also adjusted with the cefhng temperature For example in one embodiment of the 
invention the ceiling is heated to a high temperature -- nonr the polymer condensation temperature- so that more 
polymer deposits on the passivated surfaces of the wafer and less on the ceiling, in this case, in order to avoid etch 
stopping on the oxide surfaces typical at high chamber pressures, dilution of (he polymer precursor gases must be 
increased as the ceiling temperature is increased. The diluent: gas content can be (and preferably is) at least 50% or 
more of the gases in the chamber. Conversely, if the ceiling is cooled welt below me polymer condensation temperature, 
the diluent content may be reduced well below the 50% level. : 

*° Other adjustments may be effected to increase or decrease the rate of polymerijation by increasing the relative 

proportion ol high carbon 'Content potymer/etchant precursor gases in the chamber (e.g.. C 4 F B ) «to increase polym- 
erisation- or by increasing the relative proportion of high fluorine content poly mer/etchBnt precursor gases (e.g.. CHF 3 ) 
--to increase etch rate. As the proportion of high carbon-con lent precursor gases is increased, the proportion of non- 
reaclive diluent gas (e g . argon) and/or etch stop inhibition gases (e.g.. C0 2 ) must be increased to avoid etch-slopping 

*5 on the oxide surfaces. 

The invention exhibits a marked increase in etch selectivity of oxide to photoresist, particularly at the photoresist 
racets so that there is less faceting (increase in opening size during etching) and therefore greater control over such 
critical dimensions, a significant advantage. 
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FIG I * a cut-away side view of an inductively coupied : pJasnria reactor ol (he r vpc employed m a cn ft *„H lrt , , 
S paiom application referred to c,bovc employing generally planar ccl antra co-pending u 

FIG 2 , 5 a log-log scale graph of induction field skin depth m a plasma in cm (sol.d line) and of electrcn-rn „* lllMl 
_ e.asuc coyn mean fro, p .,h | englh (dashed hne) as functions of pres^e , n torr (honzont, axis* 

FIG 3A .s a graph of plasma ion dens.ty as a function ol radial position relative i Q the wcrkp.ece canter in thn 
reactor c» HG. l for a workp^ce-to-ccilmg he.ght of 4 mcnes!. the curves lulled A and B coT^" 2 ZT, 
ion densities produced by outer and inner coil antennas respectively. spending to plasma 

FIG 33 is a graph of plasma ion density as a function of radiel pos-don relative to the workp, CCG center m ihr* 
reactor o FIG. 1 for a workp,ecc,o.ce,l t ng he** of 3 «h M : the curve, Celled A'and B cor ^in^ "iSl " 
'<> «on densities produced by outer and (nner coil rntennac respectively. 

FIG 3C is a 9'aph of plasma fon d6nsily as a function of radial position relative to the workp^eca centar in the 
reacjof of PIG 1 lor a wo. kp,ece-to-ceiling height ol 2.5 inches, the curves Labelled A and B correspond™ to otasma 
ion densmes produced by outer and inner cod antennas respectively " 9 P 

FIG SO is a graph of plasma ion density as a function of radial position relative (o the workpi-ce centPr in th» 
IT 0 ^ 1 ^he^hto, 1 inches (he curves lulled A ,nd Bcoi ^ « 

■on densities produced by outer end inner cod antennas respectively 9 P * 

rpqr ^^ $ f r Qraph 01 P ,ftsma fon 35 a ru <^™ o'l ^d-ai portion ; e fat.vo to the workpiece center ,n the 

reactor of FIG 1 for a workp.ece-to-ce.lmg height of 0 3 inches;, the curves labelled A and B correspondinq to plasma 
■on dons,t.es produced by outer and inner coir antennas respectively 

20 fenord windmj 9 *** ^ °* * * Wnq * lhree ^*™l center non-planar so- 

wmoSg ^ ™ WOf apor1ion of Ihe rGactor ° f *G.;4A illustrating a preferred way of wmding the soJenoidaf 

Ff G AC is a cutaway side view Of a plasma reactor corresponding to FIG. 4A K>ui having a dome-shapod ceiling 
F O. 40 i$ a cut-away side view ol a plasma reactor corresponding to FIG. 4A but having a conical ceiling 
F G. 4E is a cut-away side vie wot a plasma reactor corresponding to FIG. 4D but having a truncated conical ceiling 
fig. 5 is a cut-away side view of a plasma reactor employing inner and outer vertical solenoid windings 
FIG 6 is a cut-away side view of a plasma reactor corresponding to FIG. 5 in which the outer wmding is Hat 
fig. 7A is a cut-away side view of a plasma reactor corresponding to FfG. 4 in which the center solenoid windrta 
consists of plural upright cylindrical windings. y 
FIG 7B is a detailed view of a first implementation of the embodiment of FIG, 7A. 
FIG. 7C <5 a detailed view of a second implementation ol the embodiment of FIG. 7A 

FIG S is a cut-away s,de view of a plasma reactor corresponding to FIG. 5 in which both the inner and outer 
windings consist of plural upright cylindrical windings. 

FIG g is a cut-away side view of a plasma reactor corresponding lo FIG. 5 in which the inner winding consists of 
plural upright cylindrical windings and iha outer winding consists of a single upright cylindrical winding 

FIG. 10 is a cut-away side view of a plasma reactor in which a single solenoid winding is placed at an optimum 
radial position for maximum plasma ion density uniformity. 

FIG. n is a cut-away side view of a ptasma reactor corresponding to FIG. 4 in which the solenoid winding is an 
inverted conical shape. 

FIG. 12 is a cut-away side view of a plasma reactor corresponding to FJG 4. in which the solenoid winding is an 
upright conical shape. 

FIG 13 is a cut-away side view of a plasma rcacior m which the solenoid winding consists of an inner upriqht 
cylindrical portion and an outer flat portion. 

FIG 1 4 is a cut-away side view of a plasma reactor corresponding to FIG 1 0 in which the solenoid winding includes 
both an inverted conical portion and a Hal portion. 

FIG 15 is a cut-away side view of a plasma reactor corresponding to FIG. 1 2 in which the solenoid winding includes 
both an upright conical portion and a flat portion. 

FIG 16 illustrates a combination of planar, conical and dome-shaped ceiling elements. 
FIG. 17A Mlustraies a separately biased silicon side wall and ceiling and employing electrical heaters. 
FIG. 17B illustrates separately biased inner and outer silicon ceiling portions and employing electrical heaters 
In a plasma reactor having a small antenna-to-workpiece gap. in order to minimise the decrease in plasma ion 
density near the center region ol the workpiece corresponding : to the inductive antenna pattern center null it is an 
object ol the invention to increase the magnitude of the induced electric field at the center region. The invention ac- 
complishes Ihis by concentrating the turns of an inductive coll overlying the ceiling near the axis ol symmetry of the 
antenna and maximizing the rate of change (at the RF source frequency) of magnetic flux linkage between the antenna 
and the plasma in that center region 

In accordance with the invention, a solenoidaJ coil around the symmetry axis simultaneously concentrates its in- 
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ductivo coil turns near the axis and maximizes the rato of change of magnetic flux linkage between the antenna and 
the plasma m the center region adjacent the workpreco. This isbecause Ihe number ol turns is large and the coil faciius 
is small as required for strong flux linkage and close mutual coupling to the plasma in !he center region (in contrast 
a conventional planar coil antenna spreads its inductive field over a wide'radial area, pushing the radial power distri- 

* bution outward toward the periphery.) As understood m this specification, a solenoid-like antenna is one which has 
plural inductive elements distributed in a non-planar manner relative to a plane of the workpiece or workpiece support 
surface or overtymg chamber cetling. or spaced at different distances transversely to the workpiece support plane 
(defined by a workpiece supposing pedestal wilhrn the chamber) or spaced at different Distances transversely to An 
overlying chamber ce.ling. As understood in this specification an inductive element is a current -carrying element mu- 

*o tually coupled with the plasma in the chamber and/or with other inductive foments of the antenna 

A preferred embodiment cf ;he invention includes dual solenoidal coil antennas with one solenoid near the center 
and another one at an outer peripheral radius. The two solenoids !may be drivon at different RF frequencies or at the 
same frequency, in wnich case they are preferably phase-locked and more preferably phase-locked in such a manner 
that their fields constructively interact. The greatest practical displacement between tho inner and outer solenoid is 

/5 preferred because it provides inc moat versatile control of etch.rate a! the workplace center restive to etch rate at the 
workpiece periphery The skilled worker may readily *ary RF power, chamber pressure and eleciro-negaiivdy ol tne 
process gas mixture (by choosing thezppropriate ratio of morecuitfrand men gases} to obtain a wider range cr process 
window in when to optimize [using the present invention) the radral uniformity of the etch rale across the workpiece 
Maximum spacing between the separate inner and outer solenoids of the preferred embodiment provides the following 
advantages: 

(1 } maximum uniformity control and adjustment: 

(2) maximum isolation between the inner and ouler solenoids preventing interference of the field from one solenoid 
with that Of the other: and 

25 (3) maximum space on the coiling (between the inner and outer solenoids) for temperature control elements to 

optimize ceiling temperature control. 

FIG. 4A illustrates a single solenoid embodiment (not the preferred embodiment) of an inductively coupled RF 
plasma reactor having a short workpiece-to-ceiling gap. meaning, that the skin depth or the induction field is .on the 

30 order of the gap length As understood rn this specification, a skin depth which is on the order of the gap length is that 
which is within a factor of ten of (i.e.. between about one tenth and about ten times) the gap length. 

FIG. 5 illustrates a dual solenoid embodiment of an inductively coupled RF plasma reactor, and is the preferred 
embodiment ot the invention. Except for the dual solenoid feature, the reactor structure of the embodiments of FIGS 
4 A and 5 is nearly the same, and will now be described with reler'ence to FlQ. 4A. The reactor includes a cylindrical 

35 chamber 40 similar to that ol FIG. 1, except that the rGactor of FIG. 4A has a non -planar coil antenna 42 whose windings 
44 are closely concentrated in non-planar fashion near the ynienna symmetry axis 46. While in the illustrated embod- 
iment the windings 44 are symmetrical and their symmetry hxis 46 coincides with the center axis of the chamber. Ihe 
invention may be carried out differently. For example the windings may not be symmetrical and/or their axis of symmetry 
may not coincide. However, in the case of a symmetrical Hnlo'nna. the antenna has a radiation pattern null near its 

40 symmetry axis 46 coinciding with the center of the chamber c* the workpiece center. Close concentration of the windings 
44 about the center axis 46 compensates for this null and is -iccomphshed by vertically stacking the windings 44 in the 
manner of a solenoid so that they are each a minimum disc -neb from the chamber center axis 46. This increases the 
product of current (I) and coif turns (N) near the chamber cootc* *xis 46 where the plasma ion density has been the 
weakest for short workpiece-to-ceiling heights, Q3 discusscJ ;tbove with reference to FIGS. 3D and 3E. As a resuii 
the RF power applied to the non-planar coil antenna 42 proofs greater induction [d/dt] [N«t] at the wafer center -at 
the antenna symmetry axis 46- (relative to the peripheral, regions) »nd therefore produces greater plasma ion density 
in that region, so that the resulting plasma Jon density is more: ncyrjy uniform despite the small workpiece-to-ceiling 
height Thus- the invention provides a way for reducing the ceiling- height for enhanced ptasma process performance 
without sacrificing process uniformity. 

50 The drawing of FIG 48 best shows a preferred implementation of the windings employed in Ihe embodiments of 

FIGS. 4Aand 5. In order that the windings 44 be at least nearly parallel to the plane of the workpiece 56 they preferably 
are not wound in the- usual manner ol a helix but, instead, are preferably wound io that each individual turn is parallel 
to the (horizontal) plane of the workpiece 56 except at a step or transition 44a between turns (from one horizontal plane 
tolhenext). 

The cylindrical chamber 40 consists of a cylindrical side wall 50 and a circular ceiling 52 integrally formed with me 
side wall 50 so that the side wall 50 and ceiling 52 constitute a single piece of material, such as silicon. However, the 
invention may be carried out with tho side wall 50 and ceiling 52 formed as separate pieces, as will be described later 
in this specification. The circular ceiling 52 may be ol any suitable cross-sectional shape such as planar (FIG. 4A). 
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dome [FIG. 4C), conrcal (FIG. 4D).: truncated conical (FIG 4E): cylindrical or any combination of such shapes or curve 
of rotation. Such a combination will ce discussed later in this specification. Generally, the vertical ptlch of the solenoid 
42 (i e its vertical height divided by its horizontal width) exceedsthB vertical pitch of the ceiling 52 even for ceilings 
defining 3-dimensional surfaces such as dome, conical truncated conicaf and so forth The purpose for ihis. at least 

5 m tho preferred embodiment is to concentrate the induction of the antenna near the antenna symmetry axis, as dis- 
cussed previously in this specification. A solenoid having a pilch exceeding that of the ceiling is referred to herein as 
a non-confoimal solenoid, meaning thai, in general, its shape does not conform with the shape of the ceiling, and more 
specifically that its vertical pitcn exceeds iho vartical pilch of the ceitir.g A 2-dinensto.'\ai or fiat reiimg has a vertical 
pilch of zero while a 3-dimanelonal ceiling has a non-zero veriic?* pitch. 

io a pedestal 54 at the bottom of the chamber 40 supooris a piana' workpicce 56 m a workplace support plane during 

processing. The workpiece 56 is typically a semiconductor wafer and the workpiece support plane is generally the 
plane of the wafer or workpiscG 55. The chamber 40 is evacuated by a pump (nol shown in the drawing) through an 
annular passage 58 to a pumping annulus 60 surrounding the lower portion of the chamber 40. The interior ol :hc 
pumping annutus may be lined with a replaceable metal liner 60a The annular passage 5c is dehned by the bottom 
edge 50a of the cylindrical Side wat: 50 and a planar ring 62 surrounding the pedestal 54 Process gas is furnished tnto 
the chamber 40 through any one or all of a variely Of gas feeds :'ln order lo control process gas Mow near the workpicce 
comer a center gas reed 64a can exloixl downwardly through the center of the ceiling 52 toward the center of the 
workpiece 56 (or the center of the workpiece support plane). In order to control gas flow near the wdrkpiece periphery 
(or near the periphery of the workpiece support plane) plural radial gas feeds 64b. which can bo controlled independ- 

20 ently ol the center gas feed 64a, extend radially inwardly t(o<p the side wall SO toward the workpiece periphery (or 
toward the workpiece support plane periphery), or base axial gas leeds 64c extend upwardly from near the pedestal 
54 toward the workpiece periphery, or ceiling axial gas feeds 64d can extend downwardly from the ceiling 52 toward 
the workpiece periphery. Etch rates at the workpiece center and periphery can be adjusted independently relative to 
one another to achieve a more radially uniform etch rate distribution across the workpiece by controlling the process 

25 gas flow rates toward the workplace center and periphery through, respectively, the center gas teed 64a and any one 
of the outer gas feeds 64fcH± This feature of the invention can be carried out with the center gas feed 64a and onry 
one of the peripheral gas feeds 64b-d, 

The so!enotdal coil antenna 42 is wound around a housing 66 surrounding the center gas !eed 64. A plasma source 
RF power supply 68 is connected across the coil antenna 42 and a bias power supply 70 is connected to the 

30 pedestal 54. 

Confinement of the overhead coil antenna 42 to the center region of the ceiling 52 leaves a large portio^of the 
top surface of the ceiling 52 unoccupied and therefore available for direct contact with temperature control apparatus 
including, for example, plural radiant heaters 72 such as tungslen halogen lamps and a water-cooled cold plate ?4 
which may be formed of copper or aluminum for example, with coolant passages 74a extending therethrough. 

35 Preferably the coolant passages 74a contain a coolant of a known variety having a high thermal conductivity but a low 
electrical conductivity, toavotd electrically loading down the antenna or solenoid 42. Thecold plate 74 provides constant 
cooling of the ceiling 52 while the maximum power of the rad^ni heaters iZ is selected so as to be able to overwhelm, 
if necessary, the cooling by the cold plate 74, facilitating responsive and stable temperature control of tho ceiling 52 
The large ceiling area irradiated by the heaters 72 provides epeater uniformity and efficiency of temperature control. 

40 (ii should be noted that radiant heating i3 nol necessarily required in carrying out the invention, and the skilled worker 
may choose to employ an electric heating element instead ns v/ili bo described later in this specification.) If the ceiling 
52 is silicon, as disclosed in co-pending U.S. application So^l No 05/597.577 filed February 2. 1996 by Kenneth S 
Collins ct al.. then there is a significant advantage to be gn.-icd by thus increasing the uniformity and efficiency ot the 
temperature control across the ceiling. Specifically, where n pcl'/mor precursor and etchant precursor process gas (e 
g,. a ftuorocarbon gas) is employed and where the etchani *o g fluonne) must be scavenged, the rale of polymer 
deposition across the entire ceiling 52 and/or the rate al wh.cn tho ceiling 52 furnishes a fluorine etchant scavenger 
material (silicon) into the plasma is better controlled by increasing the contact area of the ceiling 52 w.lh the temperature 
control heater 72. The solenoid antenna 42 increases the available contact area on the ceiling 52 because Ihe solenoid 
windings 44 are concentrated at the center axis of the ceiling; 52: 

so The increase in available area on the ceiling 52 for thermal contact is exploited in a preferred implementation by 

a highly thermally conductive torus 75 (formed of a ceramic such as aluminum nitride, aluminum oxide or silicon nUnde 
or of a non-ceramic like silicon or silicon carbide either lightly doped or undoped) whose bottom surface rests on the 
ceiling 52 and whose top surface supports the cotd plate 74 JOne feature of the torus 75 is that ft displaces the cold 
plate 74 well-above the top of the solenoid 42. This feature substantially mitigates or nearly eliminates the reduction 

ss in inductive coupling between the solenoid 42 and the plasma which would otherwise result from a close proximity ol 
the conductive plane of the cold plate 74 to the solenoid 42. In order to prevent eucn a reduction tn Inductive coupling, 
it is preferable that the distance between the cold plate 74 and the:top winding ot the solenoid *2 be at least a substantial 
fraction (e.g.. one hatf) of the total height of the solanold 42. Plural axial holes 75a extending through the torus 75 are 
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• ■ , , . ... „, lir :si rtrt,»ni heaters orUmp$ 72 and permit them locfrreclly trrydiaie 

Ihe cd-ng For B r eW l«t i«..np eincncy ^^^^^M^^^'"^ 5 > dapanang upon 
■ ByM T„e ccn.e. gas feed 64a ol FtG * may be replaced by n ^'^^^ 2 35 5 g SGn5Qr such as | „ „. 

iha jocular nactof des.gn and process cogens The ^amo h^ier 72 For good Ihe-mal contact a 

mocoupt. 75 ..tending through one ol .he holes 75a no, ^ niuide « placed ba.ween 

n,gh,y IhermaHy conduce elastomer 73 such » ^J^^SS^s^*. afeon e'e g 52 

,h, ceramic lorus 75 and lha copper cold plate 74 rt ^ 9 ^'^^^ 40 may b8 an ail-cemiconduclor cham- 
As d^.osed « .he «bova-f -ortncod "^9; app ' h ^S ucl0( mak?fia , 5UCn as sil , c on or silicon 

*r , n wh.cr, case .he ceiling 52 and the aida war » b< * ^ the .amperature of and RF bias 
carb.de As ascribed « the above-referenced co-peading ^ fufn ; hes nu0fine scavangef 

power appl.ed to ei.hcr ,he ceiling 52 or the wai ^W^'J^ ^1 ed with po.yr.er. The Valeria. 

m ihe source of a fluorine scavenger rrvileruil in-.cNd. 0ls ^^ ccndsnsat.on .hereon and permit siheon ma- 
40 *nd —lamed at - suff.cicnt.y h, Q h ^'' at ^^^^ ^his case . the wall 50 and ceding 52 
tenal .0 be removed therein ,n.o me pl^ma as tlu* «a -ve-gin ^ ^ ^ g 

need no. necessarily be silicon or if they are sAcon .hoy !c*£ *^ s ^ e S d/o / a ^ condensation 
.emperature (and/or RF *as, naar or below the ^[^^^^To be ro.ec.ed 11 being consumed. 
rf= b,as threshold) so thai .hey are coaled with polymer '^g^f^^cSimen. of FIG. a the disposable allieon 
WhUethedisposab.esifconmemberm.y.a ^^^ff^X^^ ring 62 is high purtty silicon and 
member is an annular ring 62 surrounding the pedestal "J^™** , . rjn * e2 atasUtflcien t temperature 
rnaybedoped.oal.eritse.eclr^^ 

to ensure its favorable partic.patiort m the plasma P"*^**" c °™ |n a cjrc|a un{Jef lhc ^ar 

fluorine scavenging), plural radian, (e.g.. tungsten halogen ^^J"" // ^-referenced oo-ponding app* 
ring 62 hca, the si.teon ring 62 Ihrough a ^^JSSnS^S™ o, the silicon ring 62 sensed by a 
cation, .he healers 77 are controlled « accordance with the mea ^£*p ,„ of a nuo«>optieaj probe. The 

; .his purpose plasma con.inemenl magnets 80. 82 •^^^^^lJ > lllKMa( * in entering .he pumping 
,he pumping annulus 60. To the extent any polymer P^^:.^^,^^ ^ 60a may be prevented from 
annutus 60 any resu.ting potymer or ^™ n ' d ^'" *J a a empt at re .ignificantly below the po^er con- 
reentering the plasma chamber.40 by mamawimg the : t.ner 60 a ^aia J^JJ app 9 licali0 n. 
densallon temperature, for example, as disclosed .n the rB,c[ ^ i ^ j ^ d '^ moclate9 „ afer mgrcss and egress. 

A waler slU valve 64 trough the ex.erior wallo. '"^^^^ *a wafer sli. va^e 64 

The annular opening 5S berween the Chamber 40 anc » I^PJ^ oUhe ^drical side wail 50 so as .0 maKe 
and smallest on the opposite side by v.rtue ol a slant o .he ^"^JJJ^ JL port location 
me chamber pressure distribution more symmetry, w. h « ^^'"^^ staC ked soienoida. windings 
Maximum inductance nearlthe chamber ce nter a> »• JJJ, \^ 0 , wi p di ngs 44 but in the horizontal 

44 ,n ,he embodiment of ^^J^^^^^S^ «*i "« K ck~ » - boiom 
plane ol m bottom solonodal winding 44a may be saaea o 

solcnoidal winding 44a. . emhnrlimenl of F jg. 5. a second outer vertical slack or 

Relerr.9 specific^ aow«> the P-^ua ^X^^^ ^ d ^ M * T 
S oleno,d 1 20 of windings 122 al an outer loantco aga«« lha oute solGnoida , w , ndin gs 44. Note that 

duc„v e torusTS) .S displaced by a radial d.sUanc • * '^^^ ^ ^ outer soienoidai antenna 120 to the 
in FIG. 5 confinemen. ol .he inner soleno,dal antanna X2 .o M« ' «"^f ^ djre<Jt conlact whn ^pora.ure 
panphery leaves a large panic* of .he top » surfaca ^^'^ e ™ 9udace are a corflact between ^e ceiling 
Ltro. apparatus 72. 74. 75 : as in F.G. 4A. ^^^^.^^ uniform temperature control of the ceiling 
52 and the temperature control apparatus provides a more erUcent ana more 

52 , ^ , inroad ol 3 sinqie piece ol silicon for example with an inside 

For a reactor in which the side wall and ceiling are > « » ^ £ mean diametar of i ha inner solenoid was 

diameter of 12.6 in (32 cm,. Uie waler-to-ceiling gap « ^"om)- "J J J ^ cm) U8in g 3/16 in diameter ho.low 
3 75 in (9.3 cm) while lha mean diameter of the outer solenoid was 1Q O m i 
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copper lub.ng covered w,IK a 0 03 )hck idon Jnstlal.cn layer W solenoid consisting of (our (urns and bertg . .n 
2 5. c.rn,qh The ou.e, .Uck or^olenoid 120 ,s enefg.zad by a.sccOhd indap.nden.ly contrite p.a 5 ma source 
^poTe supply 96 The purpose,* to perm,, afferent user-selecKbl. plasma source power levels ,o be apphed a, 
h ^TlocLons relative lolhe wcrXpicce or water 56 ID perm,! compensate lor Known pcoccrang noo-un.- 
. ^ • ™ S SeTS^^ ,n combine w„h -he .dependency cc.trC.able center 

" h Riftfnrt Lnnheral ais leads 64b d etch performance 91 the wcrkp.ece center may be adjusted relative to 

"\ « IZ^XX,1^T^ BF power «ppl«id .0 Ihe tnner solenoid 42 relative ,0 that applied .0 the 

^Srd d c' SS JU S center gas .eed 64a relative, the '.ow rate ,h ; ou*h the 
oTr gas -ds 64b-d Whri. .he present invention solves or ame.iora.es me crob Icnn of a c«i er null or dip n 

, =-:=p=^ • 
rotow^^^^^^ 

relationship between the two be.such a » ^^'^V , ™ M ^^.^na» applied to .he two sole- 
solenoids Generany. .his '? u ^ en '™^ 

died. O. the .wo so.eno.ds 42. 90. For example, .ha radius of Ihe ^rsolene^ d « ^ ° jnner 
half the workpiece radius and preferably no more than about a itmd. * , he need lo prOV kJe « 

<2 is affect in par. by the diameter of the conductor ^^^^"S^, The radius o. the 
Unite non-zero circumference for an arcuate --e.g.. circula,-. *J » ?^or more «me 5 the workpiece radius, 
outer coil 90 should be a. least .qua! to the workp.ece radius -d 42. 90 are so pro- 

With such a configuration, the respective center and ^ ^ b ;,^^t2^iSl into the hundreds of mT 
nounced that by increasing power to the inner solenoid the j^mbe, , p pressure can be ra ^ ^ 

chamber diameter. : . , a . —.lanrtirt 90 is replaced by a planar 

FIG. 6 illustrates a variation of the embodiment of FIG : 5 ,n when Ihe outer soleno.es go rep 

winding 100. . : ^ ■■ „ hlch the cen , cr solenoidal winding includes not only 

FIG. 7A illustrates a variation ol the enftodim.nl °"^^T™ B ^ ^ wintJiri g S , 04 closely adjacent .0 the 
the vertical slack 42 of windings 44 but in add,.** a second vertical stack 102 £wmn^ Y 
first stack 42 so that the two stacks constitute a double-w^nd.sol.no.d MM. ^^J^'^J^ siting ol 
solono,d 106 may consist of two independently wound angle sole nolds 42 10£ the inner ™ ^ ^ 
the wrings 4 J 44b. and so forth end the outer ve Sy ^Id oa.rs o. a. least 

Amatively rcfemng to F.G 7C the do** rj-^gl r o, windings (e.g., .he pair 44a. 104a 

nearly co-planar windings. In the alternate of FIG. 7a each pair or near <v ^ harGjn 

* the pair 44b. 104b) may be-.^ 

relers to winding of the type shown in either FG. 7B or 7C lr h ^ aloog , nc axis 
wound but may be triply wound or more and in genera. « can consists ol plural wwomg 
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ol symmetry Such multiple-wound solenoids mjy be'erttpioyGdVi either one or both the inner and outer solenoids 42 
90 ol the duel -solenoid embodiment ol FIG 5 

FIG 9 illustrates a venation oijhe embodiment of FIG 7 A ifi which an ouier douciy wound solenoid 1 i 0 concentric 
wiin me inner doubly wound solenoid 106 is placed at n radial distance 6R from the inner solenoid 106 
- FIG 9 illustrates a variation ohhe embodiment of FiG. 3 m which the outer doubly wound solenoid 1 to is replaced 

by an ordinary outer solenoid 1 1 2 corresponding to the ouier solenoid employed tn the embodiment of FiG 5 

FiG 1 0 iMusiraiiQs another preferred embodiment m which the solenoid 42 of FIG 5 is placed at a location displaced 
by a radial distanco or Irom the renter gas food housmg 66 In Ihe embodiment of FIG 4. e»r is zero while m the 
embodiment oi FIG 10 «Sr is, a significant fraction ot the rediU3 ol; Ine Cylindrical sjds waTl 50 increasing iSr to the extent 

'o iliustratod in FIG 10 m?y be helpful as an alternative to the embodiments of FIGS. 4 5 7 and 8 for compensalmg (or 
nor.-i>ni!orrvHtias in ^ddilion lo the usual center dip in plasma iorvdensily described with reference to FIGS JD and 3E. 
Srmilarly ihe embodiment ol FIG .10 may be helpful where placing the solenoid 42 at the minimum distance Irom ihe 
chamber center axis 46 (as in FIG 4) would so increase Ihe plasma ion density near the center of the wafer 55 as to 
over-coneci lor the usual dip in ptnsma ion density near me center and create yet another non -uniformity in the plasma 

' * procoss behavior in such a case the embodimeni ol FIG 1 0 is preferred where or 15 sclocteo to be an optimum v^lue 
which orovides the greaiest uniformity in plasma on density ideally in this case or is selected to avoid both under- 
correction *nd over-correction tor the usual center dip m plasma ton density the determination ol the optimum value 
for m c^n be earned out by the skilled worker by trial nnd error steps of placing the solenoid 42 at different radial 
locations and employing conventional techniques to determine the radial profile of the plasma ion density at each step. 

20 FIG 11 illustrates an embodiment in which the solenoid ^2 has'an inverted conical shape while FIG. 12 illustrates 

an embodiment in which thG solenoid 42 has an upright conical shape 

FIG. 13 illustrates an embodiment in which the solenoid 42 is combined with a planar hefical winding 120. The 
planar helical winding has the elfecl erf reducing the severity with which the solenoid winding 42 concentrates the 
induction field near the center ot the workpiece by distributing some ol the RF power somewhat away from the center 

2-5 This leature may be useful in cases where it is necessary to avoid over-correcting for the usuat center null. The extent 
of such diversion of the induction Meld away from the center corresponds to the radius of the planar helical winding 
1 20. FIG. 14 illustrates a variation 01 the embodiment of FIG. 1 3 in which the solenoid 42 has an inverted conical shape 
as in Fig. 11. FIG. 15 illustrates another variation of the embodiment of FIG, 13 in which the solenoid 42 has an upright 
conical shape as in the embodiment ol FIG. 12. 

& The RF bias potential on me ceiling 52 may be applied direcuy (from an RF power source connected to the ceiling) 

Alternatively or in addition, an RF bias potential may be applied indirectly lo the ceiling 52 by capacitive couptijag from 
another electrode in the chamber. For example, the RF bias power directly applied to the wafer pedestal capaciiively 
couples to the ceding. In such a case, the RF potential on the ceiling 52 may be increased, for example to prevent 
polymer deposition thereon, by reducing its effective capacitrve electrode area relative to olher electrodes ol thG cham- 
ps ber (e.g. the workpiece and the sidewalls). FIG. 16 illustrates how this can be accomplished by supporting a smaller- 
area version ol the ceiling 5Z onan'oulerannulus 200. from which the smaller-area ceiling 52' is insulated. The annulus 
200 may be formed of Ihe same material (e.g. silicon) as the ceiling 5Z and may be of a truncated conical shape 
t indicated in solid line) or a truncated dome shape [indicated in dashed line). A separate RF power supply 205 may 
be connected to the annuius 200 lo permit more workpiece centerversus edge process adjustments, indirect appiical ion 

40 of bias power through capacitive coupling from another electrode may be used to bias not only the ceiling but also 
to bias the disposable silicon member 62 or any other scavenging or silicon -containing article m the chamber. Such 
indirect FlF biasing may be employed in combination with or in lieu of a direc: connection lo a separate RF bias power 
source 

FIG 17A illustrates a variation ol the embodiment of FIG 5- in which the ceiling 52 and side wall $0 are separate 
4S semiconductor (e g . silicon) pieces insulated from one another having separately controlled RF bias power levels 
applied to them from respective RF sources 21Q 212 to enhance control over the center etch rate and selectivity 
relative to the edge. As set forth in greater detail in above -referenced U.S. application Serial No. 06/597 57/ filed 
February 2 1 996 by Kenneth S. Collins ct al the ceiling 52 may be a semiconductor (e.g.. silicon) material doped so 
that it will act as an electrode capaciiively coupling the RF bias power applied to it into the chamber and simultaneously 
50 as a wmdow through which FtF power applied lo the solenoid 42 may be inductively coupled into the chamber The 
advantage ol such a window-electrode is that an RF potential rnay be established directly over the wafer (e.g.. for 
controlling ion energy) while at the same time inductively coupling RF power directly over the wafer. This latter feature 
in combination with the separately, con trolled inner and outer solenoids 42. 90 and center and peripheral gas leods 
64a. 64b greatly enhances the ability lo adjust various plasma iprocess parameters such as ion density, ion energy 
etch rate and etch selectivity at the" workpiece center relative to ihe workpiece edge to achieve an optimum uniformity 
In this combination, gas flow rates through individual gas feeds, are individually and separately controlled to achieve 
such optimum uniformity of plasma process parameters 

FIG UA illustrates how the lamp heaters 72 may be replaced by electric heating elements 7Z As in the embod- 
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:moni of FiG 4 the disposable -silicon member is an annular nog S2 surrounding the pedestal 54 Pi-gfer^biy iho 
annular ring 62 is high purity siltcon and may be doped lo niter its electrical or optica) properties In order to nviiniaip 
the silicon nng 62 at a sulficient temperature to ensure its; favorable participation in the plasma process (e cj its con- 
tnbunon ol silicon material into the plasma f ° r fluorine scavenging), plural fadiant te g tungsten halogen lamp) heaters 

r 77 a i ranged m a circle under the-annular ring 52 heal ihe sihcon ring 52 through a quarie window 79 As described in 
the ibove-rofe renced co-pending application, the hcaters'77 are controlled in accordance wrih the measured temper- 
ature oi the silicon nno 62 sensed by a temperature sensor 79 which may be a remote .sensor such as an optical 
pyrometer 0 r a fluoro-opiicel proo3 The sensor 79 may extend parially into a very deep hole 62a tn the ring 62 the 
deepness and narrowness of the hole landing al least partially to mask temperature-dependent variations in thermal 

'<> emissivity of the silicon ring 62 so that it behaves mere like a- gray-body radiator for more reliable temperature mcas- 
ure f .ienl 

HIG 17B illustrates anomei variation in which the ceiling 52 itself may be divided into an inner disk 52a and an 
outer anmiius 5?b electrically insulated hom one another and separately biased by independent RF power sources 
21 -J 21 5 which may be separate outputs of a single differentially controlled RF power source. 

In riCCOi dance with an alternative embodiment a user-accessible central controller 300 shown in FIGS 1 7 A nd 
1 78 such ?*$ a programmable electronic controller including (or example a con von trona I micro processor and memory. 
:S connected to simultaneously control gas flow rates th rough !ihe central and peripheral gas feeds 64a. 6«i RF plasma 
source power levels applied to the inner and outer antennas 42 "90 and RF bus power levels applied to the ceiling 52 
nnci side wall 50 respectively (m FIG 1 7A) and the RF bias power levels applied to the inner and outer ceiling portions 
o-d 52a 52b (in FIG. 179*. temperature of the ceiling 52 andihe:temperature of the silicon ring 62. A ceiling temperature 
controller 215 governs the power applied by a lamp power source 220 to the healer lamps 72* by comparing me tem- 
perature measured by the ceiling temperature sensor 76 with a desired temperature known to the controller 300. A 
nng temperature controller 222 controls the power applied by a heater power source 224 to the heater lamps 77 facing 
the silicon ring 62 by comparing the ring temperature measured by the ring sensor 79 with a desired ring temperature 
2* stored known to the controller 222. The master controller 300 governs the desired temperatures of the temperature 
controllers 2iB and 222. the RF power levels of the solenoid power sources 68. 96. the RF power levels of the bias 
power sources 210. 212 (FIG. i7A) or 214, 216 (FIG, 17B). the wafer bias level applied by the RF power source 70 
and the gas flow rates supplied by the various gas supplies ;{orseparata valves) to the gas inlets 64a-d The key to 
controlling the wafer bias level is the RF potential difference between the wafer pedestai 54 and the ceiling 52. Thus. 
30 either the pedestal RF power source 70 or the ceiling RF power source 21 2 mSy be simply a short lo RF ground. With 
such a programrrablc integrated controller, the user can easily optimize apportionment of RF source powerRF bias 
power and gas flow rale between the workpiece center and periphery to achieve the greatest cen I er-to-edge process 
uniformity across the surface of the workpiece {e.g. unrtorm radial distribution of etch rate and etch selectivity) Also, 
by adjusting (through the conlrollerSOO) the RF power appitedlo the solenoids 42. 90 relatfve to the HK power difference 
35 De i wee n ihe pedestal 54 and ceiling 52- the user can operate. ihe reactor in a predominantly inductively coupled mode 
or in a predominantly capacitively coupled mode. 

While the various power sources connected in FIG. ;17A lo : lhe solenoids 42. 90. the ceiling S2. side wall 50 lor 
the inner and outer ceiling portions 52a. 52b as in FIG. 17B) have been described as operating at RF frequencies, the 
invention is not restricted lo any particular, range ol frequencies, and frequencies other than RF may be selected by 
-*0 the skilled worker in carrying out the invention, 

in a preferred embodiment of the invention, the high thermal conductivity spacer 75. the ceiling 52 and the side 
wait 50 are integrally formed together from a single piece of crystalline or polycrystalline silicon or silicon carbide. 

-In order to increase photoresist selectivity and reduce; photoresist "faceting* during silicon oxide plasma eleh 
processing in a high density plasma reactor, the chamber pressure is increased to a restively high chamber pressure 
43 (for a high density or inductively coupled plasma) by adding ai noivrcaclive diluent gas without a concomitant reduction 
m vacuum pump rale. Tho regime: ot "high pressure" for a high density or inductively coupled plasma may be defined 
in one of two ways: (a) a pressure at which the inductive field skm deplh is greater than MO of the coil-to-workpiece 
gap or (b) a pressure range greater than 20mT and extending up to several hundred mT. 

Preferably, the eichant/polymer precursor gas is led imp the chamber at a gas flow rate which, by itsell. would 
SQ maintain the chamber pressure below Iho high pressure regime, and the norvreactive gas is added at a flow rate which, 
in combination with the flow rate of the precursor gas. is sufficient to raise the chamber pressure into the high pressure 
regime. By thus refraining from significantly throttling back the chamber vacuum pump, the polymer precursor residence 
time in the chamber is noi greatly increased. The present invention increases the chamber pressure to increase polymer 
strength and thereby reduce photoresist faceting without increasing the residence time of the polymer precursor gas 
55 in the chamber lo avoid etch^stopping polymer build-up on the silicon dioxide surfaces. The result is a net increase in 
the process window, a significant advantage. 

In one embodiment ol the present invention, the gases supplied to the chamber are as follows: 90 standard cubic 
centimeters per minute (SCCM) of CHF 3 as an elchant/polymer precursor favoring etching. 10 SCCM gt C 4 F a as an 
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etcham/polymcr precursor lavonng polymerization i 5 5CCM of C0 2 as an etch stop inhibitor, and 450 SCCW of argon 
as the non- reactive species added 10 increase the chamber pressure (within a range of 70-100 mT) without greatly 
dec easing the chamber pump rale. In general, the gas Now rate, into the chamber of the non -reactive species is greater 
than about one-half the total flow rates of all gases into the;cn£mber. In an alternative (but not necessarily preferred) 
? embodiment the flow rate of the non-reactive species is greater than about 0. 3 of the total flow rate of all gases into 
the chamber in another preferrediembodiment. the ffow rare of: the non-reactive Species is 0 7 of the total flow rate of 
all gases into the chamber 

Preferably, the process is carried out in the ctasma reactors cfeclosed in the above-referenced parent application 
because the multiple solenoid coil antenna feature provides the greatest uniformity of plasma ion aistribution However. 

to the same pro-ess of generating ah inductively coupled high density HF plasma ir a carbon-fluorine chemistry at high 
pressure ivith a large proportion of non-reactive diluenl gas can be carried out in other reactors, such a3 one with a 
planar coil antenna over a dielectric: ceiling. 

The process of the invention includes embodiments in: which a fluorine scavenger is provided in the chamber to 
enhance polymerization or passivation of the nonoxygen-containhg surfaces on the WOrkpiece. It has aiready been 

is described how the chamber ceiling may be formed of silicon or silicon carbide, tf ;he temperature of this form of the 
ceiling is maintained sufficiently high to Keep the ceiling free of polymer accumulation, then the ceiling itself can donate 
fluorine scavenging species (silicon o< carbon) into the plasma by plasma ion collisions ablating such material from 
the ceiling. Alternatively, fluorine -scavenger species may be introduced by supplying a silicon-containing gas (e.g.. 
silane. tetraethoxysilane. dicthylsilane or silicon tctrafluonde) into the chamber In this case the temperature of the 

20 ceiling, wall or fluorine-scavenger. precursor ring 62 may be reduced to permit polymer accumulation thereon to Slow 
down or prevent removal of material therefrom. Alternatively: the fluorine-scavenging gas may be z hydrogen-containing 
gas. such as silane (already mentioned in the silicon-containing category), pure hydrogen gas, a hydrocarbon gas such 
as methane, hydrogen fluoride or'a fluoro-nydrocarbon gas. 

The process ot the invention may be adjusted by changing the non-reactiva diluent gas to a higher or lower atomic 

2S weight gas For example, helium or neon requires more plasma electron energy to iontee than does xenon, so that 
with xenon a plasma with lower mean electron temperature and higher electron density results, yielding more etch 
precursor species and providing a higher etch rate. As a result with xenon the etch rate is very high and there rs poor 
oxide-10-photorestst etch selectivity; Conversely, with helium or neon the etch rate is lower (a possible disadvantage) 
while the etch select ivily is superior.: An ideal balance is achieved with a medium atomic weight inert gas such as argon ■ 

50 which provides both a good etch rate and a t gcod etch selectivity. However, helium, neon, argon or zenon or other 
relatively non-reactive gases may be used as diluent gases I One skilled in the art may adjust gas flow rate ot IhS'eliluent 
species relative to the reactive species gas flow rates to optimize the etch rate and etch selectivity. In general, a high 
ratio of non-reactive gases to polymer precursor gases adjusts.the process to reduce etch selectivity at constant pres- 
sure with less etch stopping. 

35 The process of the invention is also adjusted with the ceiling temperature, for example, in one embodiment of the 

invention, the ceiling is heated to a high temperature - near the. polymer condensation temperature- so that more 
polymer deposits on the passrvated surfaces of the wafer and: less on the ceiling. In this case, m order to avoid etch 
stopping on the oxide surlaces typical at high chamber pressures, ecthen (a) dilution of the polymer precursor gases 
is desirably increased as the temperatures of the ceiling, wall and/or polymer precursor ring are increased and/or (b) 

40 the etch slop inhibitor gas flow rate is desirably increased.; The diluent gas content is desirably at least about 50% or 
more of the gases in the chamber. Conversely, if the ceiling is cooled well below the polymer condensation temperature, 
the diluent content may be reduced well below the 50% level. ; 

Other adjustments may be effected to increase or decrease the rate of polymerization by increasing the relative 
proportion of high carbon-content polymer/etchant precursor gases in the chamber (e.g., C 4 F B ) --to increase polym- 

4S erization- or by increasing the relative proportion of high fluorine content polymer/etchant precursor gases (e.g.. CHF 3 ) 
-to increase etch rate. As the proportion of high carbon-content precursor gases is increased, the proportion of non- 
reactive diluent gas (e.g., argon) and/or etch slop inhibition gases (e.g.. CO a , CO or O a ) should be increased to avoid 
etch-stopping on the oxide surfaces. The etch stop inhibitor gas may be omitted il a sufficiently high ratio of relatively 
non-reactive diluent gas flow rate to reactive gas flow rate is used. 

so The ioregoing embodiments of the process of the present invention are preferably carried out in one of the reactors 

disclosed hereinabove, such as the reactors ot FIGS. 5, 17A 17B. for example. This Is because such reactors provide 
optimum plasma ion density distribution uniformity. However other reactors may be employed in carrying out the proc- 
ess For example, the process may be carried out In a piasma reactor ol the type having a planar ceilmg and planar 
overhead inductive coil. Such a plasma reactor is illustrated in FIG. 1. However, in the following detailed descnpt.on 

&s of the process, the working examples given are specifically applicable to the preferred reactor chamber of FIG. 1 7A. 
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rcacior parameter saltings: ; 1 


CHF 3 gas Now rate f 




90 seem 


C 4 F S .gas flow rate j. 




1 0 seem 


CO a gss flow rale ! 




1$ seem 


Ar gas flow rale \. 




450 sctm 


lotal chamber pressure j' 


85-90 mTorr 


chamber surface temperature \ 




150*C 


silicon ring tempera) u re 




450°C 


plasma volume j : 




6 5 liters 


chamber volume ! 




22 litors 


outer coil power ■ [■; 


3072 watts 


@ 2.0 MH* 


inner coil power j:. 


1173 watts 


@ 2.3 MHz 


bias power to pedestal ! ; 


1600 walls 


® 1.8 MH«: 


wafer on electrostatic chuck at 
gas; : 


-10*C w/heliurn cooling 



In this example, a vacuum pump which pumped down the chamber pressure was a conventional turbopump of 
the type having a nominal capacity of 1000 liters/second with a net flow rate of 300 liters/second ata chamber pressure 
of 10 mTand a net flow rate of 1 10 Wars/second at a chamber pressure or 100 mT. A throttle vafve at the pump intake 
from the chamber was 1 8% open fn this example. 

results: " 

(1) deep oxide contact holee etched at 0 4 micron diameter al approximately 10,000 angstroms/minute with etch 
stopping; • 

(2) oxide to photoresist selectn/ity rs approximately 5:1 at the photoresist facets; 

(3) polysilfcon loss in shallow oxide contact holes (which are 3000-4000 angstroms deep) was approximately 100 
angstroms. ' 

The invention *s not at all restricted to the Specific vafues to which reactor parameters were set in the foregoing 
example, and in fact such parameters may be varied within given ranges in carrying out the invention. The parameters 
affecting plasma ton density, such as the various RF power ieveis and frequencies appfied to the inner and outer coils 
may be represented by the resulting plasma Ion density. Tne : invention can be carried out al a plasma ton density near 
the wafer surface exceeding 10™ ions per cubic centimeter (kxis/cc). Preferably, however, the invention is carried out 
at a plasma ion density near the wafer surface, specifically in excess of 10 11 ions/cc. Such relatively high plasma ion 
densities are typically achieved in an inductively coupled RF piasma reactor, a preferred reactor of this type is disclosed 
m this specification. Therefore, the requisite plasma ion density range is assured by carrying out the invention in an 
inductrvely coupled RF plasma. 

White a relatively low chamber pressure relative to conventional plasma reactors is typically less than about 20 
mT, the invention is carried out at a: relatively high chamber pressure increased above the low pressure at least in part 
by the addition of the diluent non-reactive gas, as described above in this specificate. The invention can bo carried 
out at a relatively high chamber pressure in excess of 20 mT Better results can be attained by carrying out the invention 
at a chamber pressure in excess of 50 mT Preferably, howeVer;- the invention is carried out at a chamber pressure jn 
excess of 100 mT Such chamber pressure requirements can be summarized in the resulting effect on the skin depth 
or the inductive field in the plasma. Specifically, it is preferable that the chamber pressure be sufficiently high to maintain 
the skin depth nearly equal to or greater than 1/1 0 of the displacement or gap between the wafer or workpiece and the 
inductive antenna. 

The invention has been described with reference to embodiments in which the chamber pressure is increased 
from a lower pressure range (e.g.. below about 20 mT) to trie higher pressure ranges discussed hereinabove by the 
addition of the diluent relatively non-reactive gas. Such an increase in chamber pressure may bo achieved either by 
the addition of the diluent gas atone or by a combination of the addition ol tho diluent gas and a change in pump flow 
rate (e.g.. by reducing the opening size of the vacuum pum : p throttle valve). In either case, the diluent gas flow rate 
into the chamber is prelerably at least one half the total of all gas flow rates into. the reactor chamber, so that the 
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introduction of ihe fluent gas p lays" a predominant role in rHismej the chamber pressure into the higher pressure range 
while the reduction m the pump flow; rate (throtlle valve position) --if any- plays a minor role With or without such a 
reduction in vacuum pump rale f throttle valve areai Ihe diluent: gas flow is^sufhcient by uself to achieve the increase 
in chamber pressure to at least one or the higher pressure ranges discussed hereinabove Thus the invention may be 
earned oui by the introduction of the diluent gas m combination with a relatively small reduction m throttle valve opening 
area ranging from no reduction to a finite reduction The reduction in. throttle valve opening may be stated as a fraction 
of ihe ihrotifc valve opening corresponding to the tower chamber pressure in the absence oi the diluent gas flow, in 
the -working example given aeove.lhe throttle valve opening was i : E°a open which is jjbout 9/1 0 of the throttle valve 
opening at a tower chamber pressure of 20 m7 m the absence of the diluent gas flow into ihe chamber. 

While the invention has been described m detail by spocilicirofGroncG to' preferred embodiments, it is understood 
that versions and modifications thereof may be made vvithout departing from the [rue spirit and acope of the invention 



Claims 

1 . A meinod of processing a semiconductor workpiece m * plasma reactor 



chamber comprising 



SS 



supplying a polymer and eichant precursor gas containing at leas; carbon and fluorine into said chamber a I 
a first flow rate Sufficient of itseH to maintain a gas pressure in said chamber in a low pressure range below 
about 20mT: 

Supplying a relatively non -reactive gas into said chamber at a second flow rata sufficient, in combination with 
the first flow rale of said precursor gas lo maintain said gas pressure in said chamber in a high pressure range 
above about 20mT and : 

applying plasma source power into said chamber to form a high ion density plasma having an ion density in 
excess of i0 10 ions per cubic centimeter. 



2. A method as claimed in Claim 1 . wherein said applying plasma power comprises inductively coupling plasma power 
into sa)d chamber. 



30 3. A method of processing a semiconductor workpiece in 



•a plasma reactor chamber having an inductive antenna 



overiying said workpiece and defining a gap distance therebetween said inductive antenna producing an inductive 
field at a particular RF frequency with an inductive field skin depth which is a function of gas pressure in said 
reactor chamber said process comprising: 

3$ supplying a polymer and ©tenant precursor gas containing; at least carbon and Fluorine into said chamber at 

a first flow rale sufficient of itself to maintain a gas pressure in said chamber in a low pressure range where 
said skin depth doe3 not greatly exceed 1/10 of said gap distance, 

supplying a relatively non-reactive gas into said chamber at a second flow rale sufficient, in combination with 
the first flow rate of said precursor gas. to maintain said gas pressure: in said chamber in a high pressure range 
40 where said skui depth is greater than 1/10 of said gap distance: and 

applying plasma source power at said particular RF frequency to sard induclive antenna to inductively couple 
power into said chamber : 

4. A method as claimed in Claim 3. wherein said high pressure range is in' excess ol 20 mT 

5. A method as claimed m Claim : 4. further comprising ap£lyinig RF bias power to said workpiece to control plasma 
electron and ion energy 

6. A method as claimed in Claim 5. wherein said plasma election energy is: sufficient lo ionize said non-reactive gas 
$0 and to provide sufficient ion energy to suppress net polymer accumulation on non -oxygen containing surfaces of 

said workpiece. 

7. A method of processing a semiconductor workpiece in a plasma reactor chamber, comprising: 



supplying a potymer and etchani precursor gas containing at least carbon and fluorine into said chamber at 
a first Now rale sufficient of itself to maintain a gas pressure in said chamber in a low pressure range below 
about 20mT: 

supplying a relatively non-reactive gas into said chamber at a second flow rale sufficient, in combination with 
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the fusi flow rate ol said precursor ^si io'hViiriiaih 
above about 20 mT and [ 
inductively coupling plasma source power into sai 



A method as claimed in any one ol Claims 1 10 7 where|i 
in excess ol 100 mT 



SA'iclgas pressure m said chamber in a high pressure range 
j chamber io produce an inductively coupfed plasma, 
n said high pressure range is «i excess ol 50 mT pf eferabty 



A r^ethod as claimed in any one of Claims 5 to d wrier 
density of said plasma jn excess ol 10 10 ions par cubic 
Centimeter 



nr. said p 'a sma. source power is sufficient to provide an ton 
centimeter, pre'oraoly in oxcoss of 1Q" ions per cubic 



10. A method a claimed tn any one ol Claims 1 lo 9 wherein said second flow rate is at Jeasi about 0 3 of the tola! 
flow of all gases supplied imo said reactor chamber! 



11. A method ris claimed in any one ol Claims 1 to 10 
to control plasma ion energy 



further" composing applying BF bias power lo said worKpiecc 



1 2, A method ns claimed in Claim.1 i ■ wherein said plasma loniehorgy is sulf icient to suppress not polymer accumulation 
on non-oxygen containing surfaces ol said workpiece; 



1 3, A method as claimed in any one of Claims 3 to 1 2. fur 
said chamber to balance polymer accumulation on 



ther comprising controlling a temperature of a surface withm 
sap jtforkjpiccc with polymer removal from said workpiece 



14. A method as claimed in any one of Claims 3 to 13, 
low-carbon content etchant and polymer precursor ga? 
gas in a ratio which balances accumulation on said w< 



whjerein sard etch&nt and polymer precursor gas comprises a 
and a high-fluorine content etchant and polymer precursor 
wkpioce with polymer removal from said workplace. 



1 5. A method of processing a semiconductor workplace ir 



supplying a polymer and etchant precursor gas 
a first How rate- 
supplying a relatively non-rcactive gas into said 
tola! flow rates of all gases into said chamber: and 
applying plasma source power into said chamber 
ol 10 10 tons per cubic centimeter. 



■M> 1 7. A method of processing a semiconductor workpiece ir 



supplying a polymer and etchant precursor gas 
a first now rate 

supplying a relatively non-reactive gas into said 
flow rale of all gases into said chamber: and 
inductively coupling plasma source power into 



18. A method as claimed in any one of Claims 1 to 17 wherein 
layer to be etched by said process and a non-oxygen 
precursor gas dissociating m said plasma into fluorin 
laining layer and carbon-containing polymer species wpi 



19. A method as claimed in Claim 18- further comprising 
chamber 



20. A method as claimed in Claim 19. wherein said fluor 
said chamber or a gas introduced into said chamber. 



RNSOQCID:<EP 08403BSAi! |_v 



a plasma reactor chamber, comprising: 

containjog at least carbon and fluorine into said chamber at 

I ■' ' '.' 

dh amber at a second flow rate which is at least 0.30 of the 

I j .:. : : 

to form a high ion density having an ion density in excess 



16. A method as claimed in any one of Claims 1, 2 or 15. jwhereih said ion density is in excess of 10 n ions per cubic 
centimeter 



a plasma reactor chamber, comprising 
containing ai least carbon and fluorine into said chamber at 
cri amber at second flow rale which is at least 0.30 ol the total 
said chamber. 



in said workpiece comprises art oxygen -con laining over- 
-containing uhderlayer to be protected from etching, said 
-containing etchant species which etch said oxygen -con - 
ich accumu late on 3aid non-oxygen-containing underlayer 



providing a source ol fluorine scavenging species in said 



ne scavenging! species source comprises a solid article in 
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21. A method as claimed m Claim 19 or Claim ?.0. further; comprising supplying an elch stop inhibitor c/as into inid 
reactor chamber \\ 

22. A method as claimed in any one of Claims l to 21 whjer'em said second Now rate is at least 50 the flow rates of 
all gases supplied into said reactor chambGr. preferably at least TO the flow rates of all gases supplied into said 
reactor chamber 

23. A method as claimed in any one of Claims i 10 22. wherein said non-reactive Qas£ompris.es one of 1 1 ) argon. rD J 
helium, {c} neon, (c) xenon ] ; ; : 

24. A method as claimed in a^y one of Claims 15 to 23 luftheY comprising applying RF bias power to saiti wcrKptecc 
to provide sufficient ion energy to suppress net polymer accumulation on non -oxygen containing surfaces of said 
workplace. 

'5 25. A method as claimed in any one of Claims i 2 or 24.| further comprising controlling a temperature ot a surface 
within said chamber to provide a desired apportionment between polymer >iccumul?uion on said workplace and 
polymer removal from said wbrkpicce. 

26. A method as claimed in any one of Claims t to 25. wherein said etthant and polymer precursor gas comprises -a 
20 low-carbon content etchanl and polymer precursor gasjahd a nigh-fluorine content etchant and polymer precursor 

gas in a ratio which provides a desired apportionment between polymer accumulation on said workplace and 
polymer removal from said workpiece. 

27. A method as claimed in any one of Claims 19 to 26. wherein said source of fluorine scavenger species comprises 
25 a solid silicon-containing material or a solid carbon -containing materia*. 

28. A method as claimed in any one of Claims 1 9 to 27. further comprisingibeat/ng said source of fluorine scavenger 
species. 



$$ 



29 r a meihod as claimed in any one of Claims 19 to 29. iturthe 
fluorine scavenger species. ; 



comprising applying an RF bias to said source of 



30. A method as claimed in Claim 29, wherein said applying jan RF bias comprises applying an RF bias to said work- 
piece, whereby an RF bias is capacitively coupled from said workpiece to said source of fluorine scavenger species 

35 '■]{:.*' 

31. A method as claimed in any one or claims 19 to 26. wherein said providing a source of fluorine scavenging species 
comprises introducing a fluorine scavenge r-containmoj gas into said chamber. 

32. A method as claimed in Claim 31. wherein said gas :sj *j silicon -containing gas comprising at least one of stiane. 
««? tetraethoxysilane. diethylsilane or silicon tetrafluoridc or who rem said -gas is a hydrogen containing 0>as comprising 

at least one ol stiane. pure hydrogen gas, a hydrocarbon ;:»*s methane, hydrogen fluonde. a f I uoro -hydrocarbon 
gas. : . 1 \ • 

33. A method as claimed in any one ol Claims 1 7 to 32 vjioifciti snid inductive coupling is sufficient to provide a high 
-tf density plasma having an ion density greater than abjsuV-lO 1 ? ions per cubic centimeter, prelerably greater than 

about 10 11 rans per cubic centimeter. .| 

34. A method as claimed in any one of Claims i to 33 further comprisingmamtaining a gas pressure in said chamber 
in excess Of about 20 mT. preferably in excess ot about ;50 mT more preferably in excess of about 70 ml 



35. A method as claimed in any one of Claims 19 to 34^ farther comprising applying an RF bias to said source of 
fluorine scavenger species and heating said source of Fluorine scavenger species, 

36. A meihod of processing a semiconductor workpiece in a plasma reactor chamber comprising: 

supplying a polymer and ©tenant precursor gas containing at least carbon and fluorine into said chamber 
supplying a relatively non-reactive gas into said chamber; 

maintaining the flow rate of the non-reactive gas! at a significant fraction of that of the total flow rates ol all 



is; 
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gases into said chamber: and 

inductively coupling plasma source power into said' chamber to produce : an inductively coupled plasma having 
a high ion density in excess ol 10 10 ions per cubic centimeter f - : : 

37. A method ol processing a semiconductor workpiece in a plasma reactor chamber comprising 

supplying a polymer and etchant precursor gas containing at leasl.carbon and Nuorme mto said chamber 
supplying a relatively non-reactive 333 imo said chamber: ^ 

maintaining the flow rate of tns non-reactive gas at a si^nihraiit fraction of thai of the total fio 1 * rates ol 311 
gases into said chamber sufficiently \0 maintain a pressure inside said chamber in excess of about 20 mT and 
inductively coupling plasma source power into said; chamber. 



16 



Received from < 650 568 8042 > at 9112/02 3:31:41 PM [Eastern Daylight Time] 



09/12/02 THU 12:46 FAX 650 566 8042 



Q_ 

CO 

bJ 
O 
O 
CC 
\— 
L3 
UJ 
-J 
LjJ 



GUENZER/ PALO ALTO 
EP 0 840 365 A2 




£]035 



100.0 

18 
10.0 

6 



1/7 
1.0 
0.8 

0 



0 



FIG.: 2 



rg ;: 

PRESSURE 



•17 • 











— 




V 








V. 










........ ,^ 


' '* " " ■ 














i 




i 


i ; ; ; 




i 

i 




! 

i 

. : 


i : ■- 


■■ -. \ 



1 00 

(ml) 



1000 



Received from < 650 566 8042 > at 9(12102 3:31 :41 PM [Eastern Daylight Time] 



09/12/02 THU 12:46 FAX 650 566 8042 



GUENZER/ PALOALTO 



FIG 



FIG. 



FIG. 3C 



FIG 



FIG 



Receivedfrom < 650 566 8042 > at 9112102 3:31:41 PM [Eastern Daylight Time] 




@036 



09/12/02 THU 12:47 FAX 650 566 8042 



GUENZER/ PALOALTO 
EP 0 640 365 A2 



0039 



BNSOOClD: <EP C8403e3A2J_> 



Received from < 650 566 8042 > at 9112102 3:31:41 PM [Eastern Daylight Time] 




09/12/02 THU 12:48 FAX 650 566 8042 



GUENZER/PALOALTO 

£P 0 840 1365 A2 



Received from < 650 566 8042 > at 9112/02 3:31 :41 PM [Eastern Daylight Time] 




0042 




Received from < 650 566 8042 > at 9112102 3:31:41 PM [Eastern Daylight Time] 



09/12/02 THU 12:49 FAX 650 566 8042 



GUENZER/PALOALTO 

EP 0 840 365 A2 



@044 



&NSDOC1D: <EP . . 0840365 A? I > 



Receivedfrom < 650 S66 8042 > at 9112/02 3:31:41 PM [Eastern Daylight Time] 




09/12/02 THU 12:49 FAX 650 566 8042 



GUENZER/ PALO ALTO 
EP 0 840 3^5 A2 



Received from < 650 566 8042 > at 9112102 3:31:41 PM [Eastern Daylight Time] 





I 



C\3 

a 

i — i 

&4 



0NS0OQD- ....OOaCMVMJ.* ■ 

Received from < 650 566 8C42 > at 9/11*02 3:31 :41 PM [Eastern Daylighl Time] 



£p 0 540 36$ A2 




Received from<650 566 8042>at 9/12/02 3:31:41PM [Eastern DayHght Time] 



09/12/02 THU 12:56 FAX 650 566 8042 



GUENZER/PALOALTO 

EP 0 840 365 A2 



©002 




31 

9NSDOCID *pp C040365A?. I > 



Received from < 650 566 8042 > at 9(12102 3:54:13 PM [Eastern Daylight Time] 



09/12/02 THU 12:56 FAX 650 566 8042 



GUENZER/PALOALTO 

EP 0 S40 365 A2 



@003 




32 



Received from < 650 566 8042 > at 9112/02 3:54:13 PM [Eastern Daylight Time] 



09/12/02 THU 12:56 FAI 650 566 8042 



GUENZER/ PALO ALTO 

£p 0 840 365 A2 



@004 




09/12/02 THU 12:57 FAX 650 566 8042 



GUENZER/PALOALTO 

EP 0 840 365 A2 



0005 




34 



Received from < 650 566 8042 > at 9112/02 3:54:13 PM [Eastern Daylight Time] 



09/12/02 THU 12:57 FAX 650 566 8042 



GUENZER/ PALOALTO 

EP 0 840 365 A2 



@006 



-■PC CC 


LU 


UJ 


■s 






O 










a 


D_. 






o 


ill 




\— 


h- 








O 


O | 

















—i 




o 


"Z. 


cc 


UJ 

O 


CON! 




Received from < 650 566 8042 > at 9/12/02 3:54:13 PM [Eastern Daylight Time] 



09/12/02 THU 12:57 FAX 650 566 8042 



GUENZER/ PALOALTO 

EP 0 840 365 A2 



a 007 




36 

3NSOOCTU <*P ^004O3BBA2_|_> 



Received from < 650 566 8042 > at 9112102 3:54:13 PM [Eastern Daylight Time] 



